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A light emitting diode (LED) 100, 200. 200' and 300, including a light generation region 103, 203, 203', 
303, situated on a light-absorbing substrate 105, 205, 205', 305, also includes a thick transparent layer 
102, 204, 204', 302, 304, which ensures that an increased amount of light is emitted from the sides 
111, 211, 211', 31 1, of the LED and only a minimum amount of light is absorbed by the substrate 105, 
205, 205', 305. The thickness of the transparent layer 102, 204, 204', 302, 304, is determined as a 
function of its width and the critical angle at which light is internally reflected within the transparent 
layer. The thick transparent layer is located either above, below or both above and below the light 
generation region 103, 203, 203', 303. The thick transparent layer 102, 204, 204', 302, 304, may be 
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Abstract 



made of materials and with fabrication processes different from the light generation region. 
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1 

(D^mtf^A-e^m (^) Rm (/\) ^^ts^yty^^t- 

H. 

(□) mm^^mwL±\zm^^nrzyt^±mm. 

BI#Aec=S 1 n-i+ (771/ 7?2) *M 5" I^T 
mmm^Df)^ (a* t an 5 c) y2{DAm^Ki± 

»^I9 c=S i n-1 (7?i/7j2) *M 5" J^AiT, MfE 
j^$D;O^A* (tan (90' - 6 c) ) y2(D4ma 

Ho 
H. 

(a) mm^ytmm±{zmm^ti. m^^^DBi:;&^r 

(-) MriB3t^±m^Jiirj^^$n» m^ifiDTi^^^ 
m7^m6] mm^vKDmmz^^mmr^. mm 

C-f) :&M (A) ^^tJ^3^iS^^:t-Ho 

(D) t^fie®^s^_hJcj^fife^nrcT^^iP^§^^v 
(A) ttrsT^^jPS^©±Jcj^j5K$nrc3^^^s, 

ec=S i n-1 (7/1/772) Bf|l2T^K^^ 
3i^^©co©$D*tA* t an 0 c (0 4 fftj; 0/J>^ l^C: 

[000 1] 
[0 0 0 2] 

t\^xjK<m^^^^n. ^^i^vy^\zmt>^'h(nhU'ox 

[0 0 0 3] «e*S^fc:feVir;a:Stirc5fe^<^-odt* 



(2) #g83F5-2 7 5 7 4 0 

yt^±mmt±m^mm}^(om\zm^^mm^(Dmm'f3im 

©^^*t|fe^i:LT^ej^TI^iKlt^n> LED (D9V\Z^ 
[0 0 04] 

[^^<D@«] s£oT2^^i^o@w^, mmfs^m^^z^ 

10 0 L E D cD^tti:^^s^€:it:*:-rs ^: hx^^o 

[0 0 0 5] 

[^§^co«EM] ^co^^co-^Jfe^Jt;:i;n«> LED «^ 
IPOjgB^^^Wb, ::0jgHLED (DtW*>^!R!-a:e>n'5 

>ta)S^ii;^-^-tt. mmz^^xmi-^n^yt^m^Wi 

[0 0 0 6] c:cD^^(Dmi*K0yicbfc75<oT«^^ 

D (c43ViT^^W;ijf^20>!l/-><>/T>'^TfC^UT40 
[0 0 0 7] ;iCD^^CO^2||J£0iJiCL;rc^<-pT:P^$ 

nrcLED -c^, ^o^mmmm^mm^mkhmtmi 
o^m\zmm^nx\*>^. 

[0 0 0 8] :i<D%m(o^^mMm\z\.rz.ti^'Dxm^^ 
n:/^LED x\t. ±M}^mmmmi)^yt%±mm(D}i\zmm 

[0 0 0 9] ;ico^i¥^B^Stt^^^M^JwJ;oT^^ 

\z^r)m\^rziD^ffi»^ft^x^^. 

to 0 1 0] 

[^?g(Oll56««Jc[)i¥«!;S:^?^] 0 1 \^Kmtt y -^^(Of^ 

[0 0 11] m2\tmifrm^7}2 x;^^yt^m\zmmu 
«»t^n$«toHtjjatff*;^<niT»s«i^(ora(z>«£ 
mzA^Me itxAS^T^ytm^TK-to z<Dmmzitm 

n^Bc ti^$,r). dCOBSII^^dc \tec =Sin-l(7)l /n 
2) i:««|$n«o Bit^ec X»^t^. ZL(Dym\t 

mvxL. yt^^\zmmi3:ttn<D^\zmit^ti^o xit^ 
50 oiiitmn^ec izmv^^t^. z<Dym\tm2\z^'r 
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(3) 

3 

>ec 'c^^t^.^<D^m\t^^\,zp^^^&^r^. 
[0 0 12] lasA. mmt^n^^K^mt^m^(ommm 

tC^LT^iS^debS^L', >^Uy^(Dmm^ZMl.X\m 
Uzfay^iD^mzKmneii'r^^^ftKi. Z(DXmnB 10 

n^ebfr^LVi. eu>ec -v^^m^. ^mmzXH 
^n^^»\t:fuy^<D±m\zMvxf^&eei^iiii.. 

[0 0 14] mmt.yM^mm^^t.%^^^moym\zm 

(DLED ^^To C<7)Jlt^gi{i^S#ilF5.008.718 ^\Z^^ 
^nxViSo ia4C}acc7)LED ;&^e>MHl^nfc^0OiEM^t; 

LED <hWi)5no>±mzty1^-:^X-'^X\XU\^. ^4CH« 5(? 

^r^-To Jl(Di^:^m990^CD Journal of Elec-trooic M 
aterials, Vol.20, No. 12 <D1128'^— i^Jcfll^^nT 

[0 0 15] e:cD«£*(OLED si«:^rpia37fj*A)&t250/xiD 
TSt?> 't(o^^m\zm.m.miirs^<Di:M^m^]^^M 

-r^o 3^(03^$ 1 tiLED Oii:::>OSSgR0«i:A. :feJ;r/0. 
3A3&*^>0.7A-r;^t>*^75*^e»175Mm 0±ia5^®^^Jc: J; 

(Dm'P<Drz^\Z. ;9$D;5^0,008A;0^^0.06A IC, Ti^t) 
2}^i^^i5Moil;:;^ci:^c^lci:'b/^d:oTLED ^^i^fttBSn 

008,718 ^JCPi^r^fl^JfeOLED-eOiffii^^iP^itS*^ 

[0 0 16] g34BJc^-rj;3Jc, f)^^^^m^^j&m^m\^^ 
^^^ik^<Dm\^^m'^m^^tvx\t. coym^-^f^mi^ 
ax<o^p^mRm<Dfti5t>\zi^^f3i D (Dm<oyti>mmzmm 



#l9¥5-2 7 5 7 4 0 

4 

[00 17] m^\t.z,(D^m<r>^\^iiim\z\^itm^x 

fflffiK^n^LED 100 (D^m^^^. LED 100 vxh^^m 
iS/^lOl . ±S15«J^S?q®102 . 3t»^««103 . 
StelOS :fe<i:On^^^MII?;^106 <£:WT^o J::^^^^ 

CO 0 1 8] m^Mi^^mmtez ^45" <^led 100 (d^h 

ffi5t«g^^To 3tl^^^i^l03 3&>^^-rs^«IJlLED 10 
eiX = etsXl^K>. rti«0 cJEJlT"t?3&Sfc*6LED 100 

«io5 iz^iisi^tirmmmio2 (ommin /t^^wcm-^n 

[0 0 19] (gecmED 100 coisrani fj^^nm-^n^ 
^mom^M:km\zT^rzsb<Dmmmmmio2 (dtt.^ 
^ hitD/A $^^'rsfcJ6o®jtW3te)isa))t*s*^'ro e 

c Je^T<^Att^eisTLED 100 OMffilll \Z^tz,^^^ 
ttT^TLED 100 iP^WLWi-^tl^^ 9 eb= 9 isX$f^/}^ 

^, z:n\teebfi^o'' fi^i^ec x^^im\trr^xiEi> 

eeb=Oc (OXmx$>^. Be CO 

mmytm-ixmn o\i>oc x^mmmmio2(D hmio 

c:cDA*f:^t3;M*r^lcl^UVi)t*> _hMllO Jc^jTc 

105 tcj;oT®iix^n-ricLED 100 ^»:m^n-5;t5ei 
T*0> L;^;^^oT^#Miii coi^^fmc-e^^. e 

eb=0isT?2b^t#. pl^lPSI?R@102 <D±®110 iC^^h 

*3ti»<^A*f;^tiWi?i8?g®i02 c[)«:3^rRi©TffeA(o* 

[0 0 2 0] Dd^A»(tan0c )/2 JgAT^fe^^^, LED 

f)^'^mmvmx^^\tT<Dytm<D^^< ibfi^i^mt^mo 
5 ir<i:oT®i{x$nSo L'fzt^^x. %mtii^mtx>ti^ 
D=A*(tandc ) ^xmicr^\zt%U'oxm±\^. 

wmm(r>^'^\z$^n\z^^<r^z.h^x'^^f}\ ^n\z 

mT>=k*{\^nec >/2 J:t?IB^;^#ViJ^^(c®T'r^. 

m'^tf^u^m^r^'^mm'^^^tz^x^^o vtzi)^^ 

X^mmmmi02a>m'$D^ (A^Uanec )/2 ) 04m 
^r)^^r)i^f^<::/3^c,^\,^^z>\zr^z.tf)mmx$> 

[0 0 2 1] m7Aib^^wc\tec >45" (omsiz^-nE 

D 100 cDrtSB^ilSr^'rc @7Al3;0it=ees^ec 
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5 

^s^rttbOes^oc -e»«^fii«i03 (Dfepsja^^^f s^t 

[0 0 2 2] mimymffmmos K^w^tvrmmm 
102 (Dmmni ffi^tk\n^ti^^\^^o^mm^mio2 cd 

[0 0 2 3] 07CfiLED 100 (D«!ia!lll ?&>&*ffl$*lS 

es*t0c J;0:l>U:^€rVi,>:€r, ifcm^n;fc)ttt0 it= 0 
es>^c 'V^^r:iisbm)¥m^Ml02 (D±i6}nO IZX^X 

^nricLED 100 f)^^wcm^n^nii!b(Dmn^rx^^h 
^izn^n^c ^mmmmio2 i^mmx^^o. l^c*^^ 
mf^mmmio2 <D±mio \zmr^^ym(Dxmj^\t 

^tD^HA/2)*(tanm ' - ec ))lZ^VV^;i^^M^kr 
7tttl:^^^ttD7&^D=A*(taD(90 ' - 0c ))/2*T 

m±'r^\zhhf3.-:yxm±v. ^(Dm^\t-'i^<om^^ 
u^o mmmmmio2 uled <D^mm<Dj;: ^{z^mz 

102 (D/P^D^ (A* (tan (90' - (9 c ))/2) (D4fSJ:D 

[0 0 24] ^m^\tm 5 d> 6 0 7 c ic^-rK*s«io 

5 f3'^150-200um (Dm^t250jx\a X250jum <D±mm^ 
^Wr^GaAsS^tUTLED 100 $rSf^L;fc. 

^is^:^^^ (MocvD ) iz^^xmi^-^ntc^^^fmio 
[0 0 2 5] ±«i5gai;jiidg:fej:(:ifT»g9i;£.jdi[<^^ 

^!/^i^OJ>.i)mVX:^y). nMH-A>h<hLTttT- 

vxmt^r^^t^x^^. ±mmcjLtbm^m^x\^^ 

tlfcGa? (DmmmmMl02 X$>^. m:^\^l(O^f^^^250 

Mm x$>^^mm^m\02 \tmmmm^M^m^m\zr 
^rziib\z^rji< thi^u^<Df^^f>tf^\fti\su^u^\ 
LicoGaP (o^mm^mo2 \tmo,os:^-i:,-±>^^- 



(4) Jf$§g¥5-2 7 5 740 

y\^^^rv D^^c^liAV H^^-^- y ::/^WrSAlGaAs 
-^GaAsP ;5:£cD^<^«<sf:&c:<^^^®0JMlO2 

[0 0 2 6] LED 100 H^fl^Tjl^Stff^l. 5 (DX;J^=^vt' 
ffi66j2.*nTliSo Gap Ojffl^^;&t3.3 Tfe^-h^, SI 
Ittft^c «27" ^^5. Aj&«250/im r*«a:#WJ¥jS 

^mo2<oifjg;/ijp^Dti64MDi<hn-iic$n§o ^int^D 

i^? oTfl2^$n;SLllR50LED 100 «^^fD*t45i[iniTd&^ 

^§^^102 srWb. ^mm\z^n\t^mttt»imtAO)v- 

[0 0 2 7] ms\t.zi(D^m(Dm2^mm\z\.rz,ti^'ox 
m^^titzm^ 200 (Dwrn^TT^-r. led 200 «±eR^« 
f^.«^2oi , ^^^^^203 , ym^^mmmm2o^ . mt 
s«^205 ^^rrrn^m^^i^s^ ^m^^. led 200 \t 
^5jc^'rLED 100 tmc^n:^^z^i}uj:^m^>xmhSi 

[0 0 2 8] ^9«LED 200 <Dl*^ltS^^204 
c eJlTcDA#t^0isTMa5211 tC^fc^^Htt'T'^TLE 

D 200 *^^«cta$n^. ais=0ej<^)i:#» j^MmmM 

204 0:g)g;^TX'<^^ h itD/A titanic "Cab^o Z.(D 

^ ^^t^x^^t^. t^'»\zm^m^^^\z\'S.^m^^^ 

■r^„ ^ai:^PSD:f&tD=A*lan Be ^Dffi^:;^ 

•^vi^'&ic^iT'r^c ;itui::<D^;^3iq^mo2 t^o^ 
ni^x^^. vrz.f)^'Dxmmmmmio2 <r>m^T>^ (a* 

tao 0c) ©4f&J;0*^D;*c#<?^^;^V^<fc5tC'r^ 

[0 0 2 91 mOt^SS lC^t"LED 200 5&*?^bT>^^ 
L/S:LED <55a5ij^lgffffi^t?^S- C:cD^fl^LED200*f^* 

^ff<om^^oyrms!^m2w fi^i^^-r. biiojc^ 
\xxm^e\%<ez xmm2iv\z^itx>. led 2oo'*^e> 

i^MinU^ 0 #acO3^*«TgBS^IS204' (^MM211' ^ 

iS:m$n"5 ::niisi^^^j^T(^^itTffi!i®2ir 
it^^tfimK^it}tx^^. 
[0 0 3 0] mii\tz,<o^m(Dm3mmm\zvtii!)^-:>x 

m^-^nitxm 300 <7)»rM^^Tc LED 300 «±f»4^M 

iSjaaol , ±«B«i§iai8ii302 . )fe^±««303 . t« 

^JPSH^I1304 . ©3^S«305 :fea;mFS5ifeMS^;i^306 
50 LED 300 JiS 5 {Ci^fLED 100 LHCtJ^n^ 
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(5) 

7 

«ifs^®302 (i^^DT) w^^nwmmm^^^ (jp^ 
DB) ii^i;*J3(sfTfflj^-r^'i^^ti;^<, 

[0 0 3 1] u;$>b. ±i^mmmmmB02 jj^TttwPS 

fcil U U <i; ^ % O J: »9 /J^ 3 < -r -5 C t # 

[0 0 3 2] mi2\tm\:^m^Mdc ^^^^±mmmm 

lt^0is=aeb^0c TMBpSn Jc^fc^o Lfe?&^tp 

X. ±mmmm302 itmmcD^mo^m^m^hmzr^ 
YSLtf)iz-t^um^xmm^t:/3.^m>t)^. ^<Di^m^^ 20 

3tis^Tgp^i^^^©304 (Dmmsii ^^^mmi^v^ft 

D (r>^nmm^(D^r>\zf^%\zm<^^^ht'^t^^^ 
ti^s 4^mzmi^m^i^^\z}t^^m^mr^. ^^jcd 

fi =A* tan^c J;:Oi^^UO:K^^^m'^. $>^{^^t 

So :iti\tmmmmm^02 :fe^mo4 [^<D±nmm^^ 

DB i:DT ^A* tan^c 0[)4fi&ckD*>* D:*:^<;^6;^ 
[0 0 3 3] 013A A^^BIISD ttH 5*^^07 CJC^-r 

LED 100 ^mi¥T^tffmf<$i:^^^7^'r. misx ^m^^ 

^TMOCVD ^$>^\^^\t6^^ai\f9^i^ (MBE ) 

v^T^tt/iioa* ' i:fflCiA,«>gio3' :J3 J:rxi03' ' ' m^c 

^\ZGaksmm05 <D±\z:j:\d^^zy^)l^^T^ z,h^ 

7Rt. '^iz. misB iz^r^oiz. gRi^w^cSf^$n7t 
LED 100 ^0St,&^i!)^^^r)m^^tf3i<±^mc7Litm 
103* (D^^(Dmmz±mmv^j^ibmior (o±\zm^^mi(i 40 
2* fi^^m-^. 2:a)»ii©io2* \tmm:<r>^mm^m\Q2 

[0 0 3 4] ±SPKi;3i8e)m03*tt-t®Ifc|«lCTJW^- 

stiTv^j^v^^:, ±^[5gacii8e)Jiio3'«^{b-r^c^;5t 

5. ^:co»v>mo2*«S»@i:bT±gpg^i;i2. 
J5®103* i:»^jSBJMl02 C9fSl6^»^O^S'&»C«t'54£ o7? 



#P¥5-2 7 5 7 4 0 

102'«GaP . GaAsP . QKksh^^^\tk\Q^s^T^^tfi^ 
[0 0 3 5] MOCVD life^l^^l^E t^Tl^l^® 

J: ^ \z. ii>ti r> \zzomi^>mor ^^st^mizmf^^ti 
fcLED 100 \tw\(Dmm^m^^x±^mmmmmio2 
^$i^sfc86tcasi^$nso mm:i^)d^^i^^)v (lpe 

) ^*;/S:«^1=lXbr^=^->-^;i/ (VPE ) ^^rfflV^T^ 
i^^§9^102 «»10^^n><^jg$fc^:^t--5o ±SBPi^ 

mmmmio2 m^? . caAsp fesi^^^iGaAst-rs^ia: 

*^T#S« ±^^j^ii^J1102 d^AlGaAs'rabSJ©'^, » 
Vi^l02' C0^5t;^^^)^{iGaAs3iSl^miGaAsTfe'5o 

[0 0 3 6] ^Vim02'7&5GaAs^^l.>miGaAsT«Jl?36$ 
ns^^, ;ia)»V^©102' l^^@ig^Jgl02 ^^a^^i^: 

^m^zf^^vt^nnifir^i^t^^^ lpe T^^ig^jgio2 
$^s$itsj®^. m\^^mio2' ^m^m\zm^^i.x^ 
^'^r^:it\z<k-?xmmmmmio2 o:)k^m7^mt>n^. 
^(Dmssim(DmMu^rm^^mior ^c(owi0SLmzmm 
^it^rzmz2. 38i±vf^n^o ^A\zmmm^Mmio2 
^^m-^ii^rzisb{zm^^<Dum^^T^f^ti^o xtf^j^ 

mP#^464,275^T1990^ 1 ^120 t^mS^nfe^f^ 

ii^mihmo)mmm\zm7fi^nx^^^. vpe WiX\t. z.cd 
#^.^^02' {mmmmmo2 ^mm-^it^mizmtutc 

mmmmmio2 t^^^Lt^-^. h^^mmi^ioi tTW^ 
^jn^^^ioe f}mm^n^ct^^vx\^^^. 

Co 0 3 71 

mm<D^m] ^±mmvr:i^o\z. ^m^\z:i^\^^x 
jftm^mwi.(D±. y$i^\^^{tM:^\zmmmmm^m 

^^Hi^*^. ^n^^^m^T^ztiz^om^^^LEDm 
mf)miE>n^<Dx. nm\zmvx^^x$>^. 

mil Slt:*7»yP^rt»cg*^n;fc«5feS^<DLED$^ 

[s 3 A] mmmmmp^^(o^m(D^n»j^m^7r:'tm 

[S4A] l9l^»mft©S?^;^j:^gSrWr^«e5[&S^lC 
J: -5 L E D comat<OM»^^t-0T * ^ 0 
:^4B] 134 Ac^^lfr^a^HtCkSLEDO^^^-e-fc 

[04C] a4A(^«*S«tCj:^LEDCr>«W3t(D$ 
nfc3to3iim I ^LED(D«i:&[RjtegicMUT^*:)b^ 
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9 

[06 Al a5©LED<Dd c^4 5" \Z^M^^n^% 

[0 6 C] laSt^LED©^ c^4 S*" lC:fett^l^»>t 

[®7A] dc>45- lc:felt§06 Alcmr-Sia-C 
C0 7B] dc>45' JCiJit-S^eBiC^^^-r^^-r 
[07 C] ec>4 5- >c:feJ'tSH6Cfc^l£;r-50T 

[08] :^%m(nm2^mm\z^^<'L^T^(omt^7r^ 

[01 0] ^^^Om2^igflIlCS':5<LED<D«fl^U 
[01] 



(6) ^iB¥5-2 7 5 7 40 

10 

^*rilr®0T*>^o 
[012] 01 lOLED(Ol^gg3tillS:^-r>'c8?)C[)0T 

[^1 3 A] 2|c^0^<Z)mi^jSSMOLEDa)SfpT.]g<O 
m 1 M3ax5^ :/$:ia^T^/^«^)(ZD0Tafe^. 
[01 3B] 01 3 A(0»lSft3lX7^!y:/JC5l#:3-::f€r 

10 [01 3 C] 01 3 B<Z>m2SailX^»v:/JC'3":^<±f» 

[01 3D] 01 ZO(D^2^m7.j'y^\z-::>':5<±M 

[^^<?)ittig] 

1 0 1, 2 0 1, 3 0 1 

10 2, 3 0 2 :±mmmmmm 

103, 203, 203'. 303: 
a? 2 04, 2 0 4'. 3 0 4 : T»«JPS§g^ 
10 5, 20 5, 205*, 30 5:ai3^l£ 
1 0 6, 2 0 6, 3 0 6, :T»^M»ja 



[02] 




[03 A] 



[03B] 



(7) «fIB¥5-2 7 5 7 4 0 



m4A} [134 B] 




[07 A] 

[^1 3B] 
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(8) #M¥5-2 7 5 7 4 0 




3C1 





(9) 



1^^¥5- 2 7 5 7 4 0 



[011] [12112] 




(72)^^^ ^-lf>-^:t (72)^HJ# 
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